INTRODUCTION {#sec1-1}
============

High speed handpieces in dentistry can lead to an altered hearing perception and affect communication within the dental team.\[[@ref1][@ref2]\] The air rotor handpiece and other devices make the dental clinic a noisy zone.\[[@ref3][@ref4]\]

According to the National Institute for Occupational Safety and Health (NIOSH), noise-induced hearing loss (NIHL) is the most common work-related injury in the United States.\[[@ref5]\] The NIHL associated with loud dental equipment develops over several years of regular noise exposure. The amount of noise exposure over time, average sound level, the peak intensity levels of loud sounds, frequency spectrum of sound, distance from source, individual\'s age, physical condition, and the working environment, all contribute to NIHL.\[[@ref4]\]

NIOSH recommends limiting noise exposure to 85 decibels (dB\[A\]) at 40 h per week.\[[@ref5]\] This could also be expressed as either a daily exposure of 6 h per day at 92 dB, or up to 20 h per week at 88 dB. Among directives for specific dental equipment, the ISO standard 7785 for high speed handpieces states that the noise levels generated should be below 65 dB\[A\] and never exceed 80 dB\[A\].\[[@ref6][@ref7]\] A number of sounds in the dental office and laboratory that may be hazardous to the dentists hearing have been identified and include the high speed handpiece and aspirator.\[[@ref4][@ref8]\]

A survey of dentists who had purchased high speed handpieces showed some measurable degree of hearing loss.\[[@ref9]\] Though handpiece manufacturers have improved illumination, ergonomics, bearing technology, efficiency and heat reduction, a survey revealed that dentists expressed concerns regarding handpieces regarding maintenance (1/3^rd^ of the respondents), needing repair too often (41%) and noise generation (80%).\[[@ref10]\]

This study aimed to determine sound levels in the clinic with dental equipment at different times of the day and compare these between the UG and PG clinics.

MATERIALS AND METHODS {#sec1-2}
=====================

A decibel meter (Sound Level Meter 8928, AZ Technical Corporation, Taiwan) was used for recording sound levels in the under graduate and post-graduate sections of the Department of Conservative Dentistry and Endodontics at 8.30 a.m., 9.30 a.m., 11.30 a.m., and 3.30 p.m. At each of these time periods, the meter was activated for an interval of 3 min and the minimum and maximum values recorded. The recordings were made at the chairside and center of the clinic during the normal functioning of the clinic. At chairside, recordings were made with the meter held near the operator\'s ear while only the suction was being used, when suction was used with the slow -speed micro-motor handpiece and while suction was used alongside the air rotor handpiece. The recordings at the center of the clinic were made with at least five operators. All the equipment that was used for the clinical procedures was in good working condition. The burs and diamond points used in the handpieces were those used by the operators during normal clinical practice. The pressure for compressed air in the dental chair was set at the maximum permissible values as designated by the manufacturers while being compatible with the values prescribed for the respective handpieces. Details of equipment tested in the clinics are summarized in [Table 1](#T1){ref-type="table"}. Neither clinic was air conditioned but had good ventilation.

###### 
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The mean of the minimum recordings and the maximum recordings were calculated for each of the equipments by the chairside and at the center of the clinic for both clinics and at different time. Differences in intra-group measurements of sound between various equipments were analyzed using the Kruskal--Wallis test. Intra-group measurements comparing differences between various times were analyzed by using the Wilcoxon\'s Signed Sum Rank Test. Comparisons between the post-graduate and under graduate clinics were made with the Mann--Whitney U test. The levels of significance were set at *P* \< 0.05.

RESULTS {#sec1-3}
=======

Results from the PG clinic \[[Figure 1a](#F1){ref-type="fig"}\] showed no statistical difference at the chairside in noise generated by suction alone, suction with the micro-motor or suction with air rotor (*P* \> 0.05). However, the difference in noise levels between the center of the clinic and the chairside (with either of suction with air rotor handpiece, suction with micro-motor handpiece and suction only) was very highly significant for all the maximum readings (*P* = 0.001). The difference in minimum readings between the chairside (with either of the three equipment/equipment combinations) and the center of the clinic was found not significant 66% of the times (*P* = 0.004 at 9.30 a.m.; *P* = 0.212 at 11.30 a.m.; *P* = 0.058 at 3.30 p.m.).

![S: Suction only, SM: Suction used with micro-motor handpiece, SA: Suction used with air rotor handpiece, CC: Center of clinic](JCD-16-121-g002){#F1}

In the UG clinic \[[Figure 1b](#F1){ref-type="fig"}\], even though the difference in noise levels between the center of the clinic and the chairside (when using suction with air rotor handpiece or suction with micro-motor handpiece) was found to be very highly significant for both the maximum and minimum values (*P* = 0.001), no differences existed between the center and the chairside when suction was used alone. The combination of suction with air rotor handpiece or a micro-motor handpiece generated similar levels of noise at the chairside (*P* \> 0.05).

Both the PG and UG clinics were significantly quieter at 8.30 a.m. (*P* = 0.001) as compared with other times during the day. Noise levels during the remainder of the day did not differ significantly.

Comparisons between the UG and PG clinics \[Figures [2a](#F2){ref-type="fig"}--[d](#F2){ref-type="fig"}\] show that there was no difference in noise levels at baseline measurements (8.30 a.m.) (*P* = 0.982 for minimum reading and *P* = 0.182 for maximum reading). With suction, there was always a very highly significant difference between the noise levels at all-time recordings between the two clinics (*P* = 0.001). With suction and micro-motor handpiece, the two clinics differed significantly for readings at 9.30 a.m. \[both minimum (*P* = 0.006) and maximum (*P* = 0.05)\] and maximum readings at 3.30 p.m. (*P* = 0.018) but not for either reading at 11.30 a.m. or minimum readings at 3.30 p.m. (*P* = 0.066). For readings of suction with air rotor handpiece, the differences between the two clinics varied significantly for all maximum readings at 9.30 a.m. (*P* = 0.008), 11.30 a.m. (*P* = 0.001) and 3.30 p.m. (*P* = 0.02) but for minimum readings at only 9.30 a.m. (*P* = 0.007).

![S. MIN and S. MAX: Minimum and maximum suction noise readings, respectively. SMM MIN and SMM MAX: Minimum and maximum readings of suction with micro-motor, respectively. SA MIN and SA MAX: Minimum and maximum readings of suction with air rotor, respectively. C MIN and C MAX: Minimum and maximum readings at center of clinic, respectively](JCD-16-121-g003){#F2}

DISCUSSION {#sec1-4}
==========

Any sound that is loud, unpleasant, or disturbing has been termed noise.\[[@ref11]\] Noise can hamper communication, produce stress, induce annoyance and cause a hearing loss in the affected individual, all of which can affect the dentist and his patient. Hearing loss can either be temporary (noise-induced temporary threshold shift) or permanent (noise-induced permanent threshold shift), the latter affecting higher frequencies first.\[[@ref12]\] Loudness is a function of both intensity and frequency and can be estimated from various physical measurements. The equipment that was used to measure the sound levels in this study (Sound Level Meter, AZ Technical Corporation, Taiwan) measured the sound pressure level (in dB) by employing a network of filters that represent the frequency response of the ear, to calculate the A-weighted sound measurement (dB\[A\]).

The chairsides in both clinics were noisier than the center, putting the operators at risk. The choice of the timing in this study was in accordance to the patients' inflow to the clinic. The results indicate that the time of the day had no influence on the sound being generated when the patients were being treated. In the UG clinic, when the suction alone was functioning, the noise levels were lower and similar to those found at the center of the clinic. This contrasts to the findings at the center of the PG clinic.

A comparison between data from the UG and PG clinic revealed that the high sound levels in the latter clinic were attributable to suction. This high sound level could possibly be affected by the silencer design of the high-volume evacuation (HVE) unit attached to the chairside in the PG clinic. High readings with this suction unit were no different from those recorded when suction was used with micro-motor handpiece or air rotor handpiece.

The maximum sound levels that were measured in this study for all equipment are 6-8 dB\[A\] higher than those reported by Setcos and Mahyuddin.\[[@ref4]\] These authors recorded maximum noise levels only. With high-volume suction, they reported values of 68-70 dB\[A\], for high speed handpieces with suction 72-75 dB\[A\] and for low speed handpieces again in the range of 68-72 dB\[A\]. Even with respect to the mean maximum values in the dental clinic for background noises, their scores of 43 dB\[A\] are much lower than what were recorded in this study (62.5 dB\[A\]). Designing acoustics of the clinic to allow for filtering or absorbing noises from other sources is important and can include air conditioning and wooden paneling.

A study by Bahannan *et al*.\[[@ref13]\] reported noise levels, which are in confirmation with those reported by Setcos and Mahyuddin and slightly lower than what were found in this investigation. Our results tally well with a controlled sound measurement study by Sorainen and Rytkönen\[[@ref3]\] which was performed in an acoustic laboratory with sensitive micro-phones and amplifiers.

Even though the sound levels in this study are well within the limits set by Occupational Safety and Health Administration (OSHA), past scientific literature suggests conflicting conclusions with respect to the dental team\'s risk. Dentists exposed to 3-7 years of drill noise have demonstrated a significant noise-induced threshold shift in the 6 kilocycle/s and 4 kilocycle/s frequency that would not be detected initially.\[[@ref1]\] It would later develop into "gradual encroachment on the upper frequencies of the speech range" or what von Krammer termed "chronic acoustic trauma."\[[@ref14]\]

Other authors state that in a modern day dental clinic, NIHL cannot be attributable to the sound generated by a high speed handpiece.\[[@ref2][@ref15]--[@ref18]\] The dentist was only exposed to the siren-like sound of the turbine for short bursts of 15-30 s followed by relative periods of rest while pursuing other procedures.\[[@ref15]\] Such short bursts of air turbine amounted to 45 min of high-intensity sound exposure in a day in the frequency of 4000-8000 Hz.\[[@ref16][@ref17]\] An extensive survey in Britain, which accumulated acoustic data from 35 clinics found that the present auditory hazard was slight and there was a risk of mismanagement when dental NIHL was allowed to enter the differential diagnosis of hearing impairment for dentists.\[[@ref18]\]

A study of health-care delivery personnel in a clinical environment showed that overall noise exposure (not just the air turbine) over an extended duration contributes toward NIHL and this was maximal in dental specialists followed by general practitioners, both of which were higher than physicians considered in the study.\[[@ref19]\] The physicians only showed signs akin to presbyacusis. These results also demonstrated that right handed dentists exhibited greater hearing loss in the left ear which suffered "toxic noise level damage." The frequency ranges generated with different brands of air rotor handpieces on different substrates (amalgam, composite, and occlusal surfaces of extracted teeth) have also been found to be high enough to result in damage to the hearing apparatus.\[[@ref20]\] Studies that have not demonstrated NIHL have been of short duration and a small sample size.\[[@ref2]\] A long-term approach with longitudinal audiometric recordings would be the only method of ascertaining NIHL.

A simple method to safe guard from noisy sources is to maximize the distance between the patient and the dentist. The most common choice for hearing protection is the disposable foam or rubber flanged earplug, but this may make conversational speech sound muffled.\[[@ref21]\] Dentists can use the same solution as performing and studio musicians -- the custom filtered musician\'s earplug, which allows accurate hearing but at lower loudness levels.\[[@ref22]\] These combine a patented filter with specific acoustics of a custom ear mold and helps produce a resonance of approximately 2700 Hz (as in the normal ear) resulting in a smooth, flat attenuation from 9 to 25 dB.\[[@ref23]\]

Other measures to reduce noise sources include placing compressors away from the dental operatory or within a metal cabinet (such as the M series, Jun Air International Corporation, Japan). The latter has been advocated to reduce noise by 75% to 47-60 dB\[A\].\[[@ref24]\] The HVE unit attached to the chair is often noisy and must possess an exhaust silencer of the open-bore expansion type with interior baffling or shrouding to reduce sound levels below 80 dB.\[[@ref25]\]

Loud noise levels in the dental environment can also impact patients and make them anxious. Patients with sensorineural hearing loss will often experience an acoustic phenomenon known as "recruitment," which is an abnormal perceptual increase in loudness. These patients can listen to music at a comfortable level with headphones, or use disposable earplugs during dental procedures. Patients with hearing aids should remove them and replace with earplugs during noisy dental procedures to protect their residual hearing, though this may hamper communication.

The factors which may have influenced the results of this study but, which were not accounted for include the effect of the difference in the acoustic structure of the environs of the two clinics, the space area under considerations vis-a-vis the height of the ceiling in the clinic (the under graduate clinic is more spacious with a lofty ceiling), noise from adjacent areas of the clinics, both within and outside the institutes' confined premises and the age of the equipment under consideration. Further research in this field may include assessing the temporary threshold shift after a week-long work schedule and correlating repetitive temporary threshold shifts and permanent hearing loss.

CONCLUSIONS {#sec1-5}
===========

Mean sound levels in the working clinic were recorded in a range of:Minimum -- 63.0 dB\[A\]Maximum -- 81.5 dB\[A\]The PG clinic had higher sound levels as compared to the UG clinic. With suction and low/high-speed handpiece combination, the PG clinic was significantly noisier than the UG clinic at several time periodsDifferences existed between equipment combinations at different times of the day when the UG and PG clinics were compared. However, the equipment combinations at chairside in either clinic did not differ with time in the working clinic.

The environment in our clinics is one, which carries the risk of inducing damage to the operator. Sense of hearing is of immeasurable worth and deserving of our most vigilant efforts to preserve and protect it. Just as the dental team gears for meeting infection control requirements, it should similarly enforce a hearing conservation program.
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